Abstract The objective of this study was to study the level of grain yield reduction in modified double cross maize hybrids in comparison with their parental hybrids. Yield performance and stability comparison for yield and yield associated parameters for modified double cross maize hybrids and their respective standard parental hybrids was carried out across three locations of Khyber Pakhtunkhwa i.e., The University of Agriculture (UAP), Agricultural Research Station (ARS) Baffa (Mansehra) and Cereal Crops Research Institute (CCRI), Pirsabak (Nowshera), during 2009-10. Modified double cross hybrids of maize having improved yield were produced during spring crop season 2009 at Malakandher Research farm of University of Agriculture, Peshawar. Genotype x environment interaction was studied for yield and yield parameters in five modified double cross maize hybrids and their respective parental maize hybrids. Genotype main effect and genotype x environment interaction effect revealed significant differences for all parameters, except grain moisture at harvest which exhibited non-significant differences. Based on stability parameters and over all mean, the performance of modified double cross hybrid WD-2x8 across different environments excelled other parental hybrids as well as modified hybrids. Selection of modified hybrid WD-2x8 for ear length, ear diameter, 300 kernel weight and grain yield could enhance the grain yield in the target environments and it could be recommended as suitable and stable genotype for locations similar to the target environments. It can be inferred that the production of modified double cross hybrids could be beneficial, as the yield of modified double cross hybrids were almost at par with their respective parental maize hybrids.
Introduction Genotype x environment interactions (GEI) are of considerable importance to the plant breeders in developing improved genotypes. When genotypes are compared over a series of environments, the relative ranking usually shows relative superiority of any variety. The genotype x environment interaction (GEI) is one of the major challenges in plant breeding not only in the selection procedure but in cultivar recommendation as well [1] . When the performance ranking of genotypes over environments is not constant, the identification of cultivars with high adaptability and predictable performance under specific or general environmental conditions is an option to deal with this fact [2] . Grain yield, is quantitative in nature and routinely exhibit GEI. This necessitates genotype evaluation in multi-environments trials in the advanced stages of selection [3] . However, prominent G x E interactions decreases relationship between phenotype and genotype and also genetic improvements in breeding programmes [4] . In this situation, stability analysis is needed which is defined as ability of a certain variety to maintain stable yield under changing environmental conditions [5] . [6] earlier suggested that separation of important G x E interactions found in regression analysis into elements is needed as stability criteria. Afterwards, the same regression model was used by other authors to produce different stability criteria. [7] used regression coefficient (bi) of the linear regression of individual genotypic yield on the mean yield of all genotypes for each environment; while [8] used the variance of deviations (S 2 di) from regression as a potential criteria for deciding stability of a genotype. Maize (Zea mays L.), being one of the important cereal crops in the world and in Pakistan after wheat and rice, is grown all over the country. Newly improved cultivars generally need to be tested at several planting dates or sites and for several years before being recommended for a given site. The main environmental effects (E) and genotype environment interaction (GE) have been reported as the most important sources of variation for the measured yield of crops [9, 10] . Farmers are more interested in cultivars that produce consistent yields under their growing conditions and breeders also desire a broad range of adaptability for their cultivars. Hence, the information on GE interaction and stability is of paramount importance for maize breeders and farmers. Maize hybrids are reported to give higher yields under good management than open pollinated varieties of similar maturity [11, 12] . However, these require a specific crop production package and are prone to changes in environmental condition. This results in changes in performance of maize hybrids across environments. In third world countries, like Pakistan, the farmers due to resource constraints cannot afford the expensive hybrid see every season and generally prefer local cultivars. The use of old cultivars is usually quoted as the prime cause of low average production of maize per unit area in these countries than the developed ones. As the standard single and double cross hybrids are comparatively expensive, therefore some new avenues need to be explored to produce modified double cross maize hybrids which could be comparatively less expensive than the standard single and double cross maize hybrids. The development of modified double cross hybrids in cross pollinated crops like maize could be simple and easier as compared to the commercial hybrids. If the level of yield reduction from modified double cross hybrids could be negligible, it can be used as seed for new crop in subsequent years. The present study was therefore aimed at the production modified double cross hybrids of maize having improved grain yield and to investigate the stability in yield and yield parameters associated with modified double cross maize hybrids compared with their respective standard parental hybrids across different maize growing areas of Khyber Pakhtunkhwa.
Materials and methods
The development of modified double cross hybrids from the available maize hybrids was carried out at the Malakandher Research Farm of University of Agriculture Peshawar (Pakistan) during spring season (Feb-June) 2009. Five different single cross maize hybrids of nearly similar maturity were sown in isolation in such a way that two rows of single cross maize hybrids were used as female which were followed by an alternate row of male hybrid parent. Male hybrid rows were sown from the bulk comprising seed of all hybrid parents in equal proportion. Female parent rows were detasseled before flowering to prevent selffertilization. Male parent hybrids were allowed to open pollinate the silks of the female parent. Early maturing ears of female parents were selected accompanied with other superior attributes for further evaluation in a replicated experiment over four environments. The evaluation and stability trial of modified double cross hybrids was conducted during July 2009-10 and 2011 using randomized complete block design with three replications. Five modified double cross maize hybrids and their respective parental hybrids were planted in two rows having five meter length, keeping plant-to-plant distance of 25 cm and row-to-row distance of 75 cm. A basal dose of fertilizer containing nitrogen and phosphate at the rate of 41 kg and 20 kg ha -1 , respectively were applied at the time of seed bed preparation just before sowing. Second doze of fertilizer was side dressed at knee high stage of the crop. Experimental plot was irrigated as and when needed, however, adequate moisture was maintained during the entire growing period particularly during flowering. Standard culture practices were applied from sowing to harvest (Table 1) . The following modified double cross maize hybrids and their parents were used in this study (Table 2) . CS-2Y2 CS-King CS-King Data were recorded on kernel rows ear -1 , ear length, ear diameter, grain moisture at harvest, 300 kernel weight and grain yield ha -1 . Grains were harvested at full crop maturity and grain yield was determined with the help of the following formula: Grain yield (kg ha -1 ) = Field wt. x (100-grain moisture content) x 0.8 x 43 x 10,000 n x 85 x 7.5 10,000 = Area of hectare in square meters n = Number of plants harvested. Statistical analysis: The experimental data were subjected to the analysis of variance appropriate for RCB design using statistical software M Stat C. Upon significant Fvalue, the data was further subjected to 
Results and discussion
Mean square values for kernel rows ear -1 , ear length, ear diameter, grain moisture at harvest, 300-kernel weight and grain yield (t ha -1 ) are given in table 3. Highly significant variation across four environments was observed for all parameters, except grain moisture at harvest where non-significant differences were evident. Highly significant differences among genotypes across the four environments were observed for ear diameter and fresh ear weight plot -1 , while significant differences were obvious for kernel rows ear -1 , ear length, 0-kernel weight and grain yield (t ha -1 ).
[13] also reported significant differences among maize genotypes for grain yield. The interaction between hybrids and locations were highly significant for kernel rows ear -1 , ear length, 300-kernel weight and grain yield (t ha -1 ), revealing that these parameters were considerably influenced by the environmental variations encountered across the four environments. However, nonsignificant differences were found for grain moisture at harvest, indicating stability of this parameter across the tested environments, during the present study. 
Stability analysis
Once the genotype x environment interaction was found to be significant, the next test was to identify stable genotypes, with minimum interaction with the environments. Several stability models have been developed to identify the stable genotype. Finlay and Wilkinson (1963) model is one which has been used by researchers commonly to estimate stability in maize and other crops. According to [7] , linear regression associated with high mean yield is used as measure of stability. Genotypes with regression coefficient of 1.0 and high mean yield indicate average stability and general adaptation. However, genotypes with low mean yield are poorly adapted to all the environments. Regression values greater than one describes genotypes with increasing sensitivity to environmental changes but adopted to favourable environments. Regression coefficients less than 1.0 provide a measure of greater resistance to environmental changes and therefore increasing specificity of adaptability to low-yielding environments. The data on stability parameters i.e. mean performance (Xi), regression coefficient (bi) for different parameters are presented in Table 2 and 3. Wide range of stability among the modified hybrids and respective parental hybrids are evident from regression coefficient values of parameters studied during the investigation. Hybrid CS-2Y2 proved to be more stable and generally adaptable genotype for kernel rows ear -1 , it has regression coefficient (bi = 1.02) with average kernel rows of 14.3. Hicorn showed regression coefficient (bi <1 = 0.65) and exhibited maximum kernel rows (14.6), hence showed less fluctuation to environmental changes and better adaptability to low yielding environments. A perusal of stability parameters for ear length (cm) indicated that out of ten genotypes, modified hybrid Opener (17.8 cm) registered higher ear length and showed bi value equal to unity (1.01). Modified hybrid WD-2x8 (X = 17.6 cm) had regression coefficient value less than unity (bi = 0.71) hence indicating the adaptability of the genotype under unfavourable conditions. Hybrid Opener exhibited above average (17.4 cm) ear length but it was more sensitive to environmental changes (bi = 1.74) thus it could not be considered stable for this parameter across all the environments. It is revealed from Table 2 that modified hybrids were generally more stable and showed better performance even under unfavourable conditions as compared to parental hybrids which were comparatively more sensitive to environmental changes.
Selection for a character such as ear width could lead to considerable improvement in grain yield [14] . The regression coefficient value for 10 maize genotypes for ear diameter ranged from 0.42 to 3.09. Based on the stability parameters none of the genotype could be considered as ideally stable across four environments, however hybrid CS-2Y2 and hybrid Hicorn (X = 4.79 and 4.90 cm, bi = 0.81 and 0.42) and modified hybrid WD2x8 (X = 4.78 cm, bi = 0.05) performed better for this parameter under unfavourable conditions. These genotypes had maximum ear diameter and had regression coefficient less than unity. Among the genotypes evaluated for 300-kernel weight, modified hybrid Opener (102.15 g) showed bi value close to 1.0 and hence was comparatively stable in performance and generally adaptable across environments. Hybrid Hicorn with mean (X = 102.69 g) and bi = 1.06 could be considered slightly stable and adoptable to all environments. Modified hybrid WD-2x8 (X = 108.11 g, bi = 1.69) responded favourably to better environments but give poor yield in unfavourable environments. Hence, it could be more suitable for favourable environments. Low value of bi (0.36) made modified hybrid CS-2Y2 suitable for unfavourable environment due to its high mean value (X = 107 g). The stability analysis of 300-kernel weight revealed that modified hybrids showed better performance in ideal, favourable and unfavourable conditions. Grain yield is the most important trait in the development of maize hybrids. Identification of a genotype with high grain yield and stability is of immense value. Variances in genotype mean were used to evaluate stability of grain yield across environments. Regression coefficients (bi) and mean of four locations (X) are presented in Table 3 . The regression coefficient (bi) values of the 10 genotypes used in this study ranged from 0.17 to 1.55 (Table 3) and there was no genotype with bvalues equal to 1.0. The variations in bivalues suggested that the genotypes responded differently to the varying environments.
Variability among environments is an important factor and mostly determines the usefulness of b values [10, 13] . The regression coefficient values of modified hybrid WD-2x8 were close to 1.0 (bi~1 = 0.90) with mean average yield (8.43 t ha -1 ) at four locations greater than the overall mean. Modified hybrid Hicorn (X = 8.13 t ha -1 ) had regression coefficient (bi) equal to 0.88. The grain yield of this genotype was fairly stable in varying environmental conditions. Similarly modified hybrid Opener (X = 7.85 t ha -1 , bi = 1.36) had high regression coefficient. The grain yield of this genotype was affected by varying environmental conditions and yield increased when the conditions were favourable and decreased to below average when the conditions were unfavourable. Small value of regression coefficient (bi = 0.50) and high value of mean grain yield (X = 8.00 t ha -1 ), made hybrid Hicorn suitable for high yield under unfavourable environmental conditions. Any generalization regarding the stability of a genotype for all the traits is quite difficult. The genotypes used in this study did not exhibit a uniform stability and response pattern for different traits. Different genotypes responded differently for different parameters. Overall, the performance and stability of modified hybrid WD-2x8 across different environments excelled other parental hybrids as well as modified hybrids. Selection of modified hybrid WD-2x8 for ear length, ear diameter, 300 kernel weight and grain yield could enhance the yield and it could be recommended as suitable and stable genotype for all four locations. Eberhart and Russell [8] suggested that, if the traits associated with high yield showed stability, the selection of genotype only for yield could be effective. The production of a superior hybrid seed is a lengthy, time consuming and laborious job, if method of modified double cross hybrid production is adopted, the farmer may get seed of good quality at affordable price. It is justified from stability analysis and table of average maize grain yield, across four locations (Table 4) , that production of modified double cross hybrids could be beneficial, as the yield of modified double cross hybrids were almost at par with their respective parental maize hybrids. 
Conclusions

